Endoscopy of gastrointestinal disease in mice
During recent years, mouse models of the most frequent gastrointestinal diseases, including colorectal cancer and inflammatory bowel disease, have become the cornerstone of gastrointestinal research [1] [2] [3] . Whereas former studies were dependent on histology for the characterization of intestinal pathologies, and therefore each animal could only be evaluated at one time point, Becker et al. 4, 5 introduced chromoendoscopy of mice for the repeated analysis of intestinal disease in 2004. This technique enables the early detection of mucosal inflammation or dysplastic lesions similarly to endoscopy in humans with gastrointestinal disease, and it allows the characterization of disease progression during the experimental protocol in the same animal. Since its initial description, endoscopy of the intestine in mice has been used by an increasing number of researchers. However, several important innovations such as virtual chromoendoscopy and confocal laser endomicroscopy (CLE) have recently improved endoscopy in patients 6, 7 . In this report, we will first review recent progress of these techniques in endoscopy in humans and then describe a protocol adopting these strategies for mouse colonoscopy (see Table 1 for a summary).
New endoscopic techniques for the diagnosis of human gastrointestinal diseases
The topical administration of intravital dyes, e.g., indigo carmine or methylene blue, to the mucosal surface has been used for an improved diagnosis of intestinal pathologies, especially the detection of small neoplastic lesions during chromoendoscopy of human disease for several decades 8 . However, as the administration of dyes during chromoendoscopy is a relatively time-consuming step, new techniques have been developed in order to improve diagnostic accuracy without the need to use dyes.
Whereas high-definition and magnifying endoscopes have an improved overall image quality and can provide a magnification of the mucosal structure of up to ×150, virtual chromoendoscopy enables the differentiation of normal and abnormal tissue, comparable to dye-based chromoendoscopy, through optical and computerized techniques [9] [10] [11] . These include the use of special light filters during narrow-band imaging (NBI) and image postprocessing techniques such as i-SCAN (Pentax) and FICE (Fujinon Intelligent Color Enhancement).
During NBI endoscopy, the conventional white light is reduced to two 30-nm-wide spectra corresponding to blue and green light, and a pseudocolored image is created from the emitted light. As the blue and green spectra are more readily absorbed by hemoglobin, the contrast of blood vessels is enhanced in comparison with the surrounding mucosa. Furthermore, green light has a higher penetration depth and will therefore increase the contrast of deeper vessels in comparison with blue light (Fig. 1a) .
In contrast to NBI, i-SCAN and FICE use conventional white light as a light source and produce an increased contrast of various aspects of the mucosa (e.g., vasculature, surface contrast) through computer algorithms. Although NBI is the best-studied technique in virtual chromoendoscopy so far, clinical studies show comparable results for NBI, i-SCAN and FICE compared with dye-based chromoendoscopy for the detection of small neoplastic lesions, but with the advantage that dyes do not need to be applied during endoscopy 9 . In addition to virtual chromoendoscopy, CLE has further raised the bar, as it enables the investigator to obtain in vivo real-time histology of the gastrointestinal mucosa 12 . As a 1,000-fold magnification cannot be used for analysis of the complete intestine using CLE, red-flag techniques such as filter techniques are initially used to identify 'abnormal' areas of the mucosa, which are subsequently new endoscopic techniques such as narrow-band imaging (nBI) and confocal laser endomicroscopy (cle) have improved the in vivo diagnosis of human gastrointestinal diseases in the colon. Whereas nBI may facilitate the identification of neoplastic lesions, cle permits real-time histology of the inflamed or neoplastic colonic mucosa through the use of fluorescent dyes. these techniques have been recently adopted for use during ongoing endoscopy in mice. this protocol, which can be completed in 2 h, provides a detailed description of nBI and cle in the mouse colon. In contrast to other techniques, this approach does not require laparotomy, and it allows direct cle analysis of lesions identified by nBI. Mice exposed to models of colitis or colorectal cancer are anesthetized and examined with a miniaturized nBI endoscope, which provides an increased contrast of the vasculature. upon identification of suspicious areas by nBI and the administration of fluorescent dyes, a confocal laser probe can be directed to the area of interest through the endoscope and confocal images can be obtained. through the use of various fluorescent dyes, different aspects of the mucosa can be assessed. In addition, fluorescence-labeled antibodies can be used for molecular imaging of mice in vivo. Mouse nBI endoscopy and cle represent reliable and fast high-quality techniques for the endoscopic characterization and molecular imaging of the mucosa in colitis and colon cancer. characterized more precisely with CLE. To this end, following the topical or systemic administration of a fluorescence-based dye (fluorescein, acriflavine hydrochloride and cresyl violet), the CLE probe, which is either integrated into the tip of the endoscope or fed through the accessory channel of the endoscope, is placed on the area of interest. The CLE system then illuminates the fluorescencestained tissue with a low-power laser and the excitation of the dye is detected at the appropriate wavelength. As CLE is based on confocal microscopy, this technique provides high-resolution images with a lateral resolution of up to 0.7 µm and an axial resolution of up to 7 µm; this enables even the subcellular detection of morphological alterations of the gastrointestinal mucosa 13 . Whereas currently approved fluorescent dyes provide detailed images of the mucosal architecture [14] [15] [16] , nearly any fluorescence-based dye could theoretically be used in the future, and, therefore, the possible applications for CLE seem unlimited.
Of note, the combination of red-flag techniques of endoscopy with CLE has further improved the diagnostic accuracy of colorectal lesions in clinical studies 14 . In addition to these techniques, several additional methods including autofluorescence endoscopy, endocytoscopy, spectroscopy and others are currently being investigated for possible usefulness in endoscopy of the human gastrointestinal tract.
Application of NBI and CLE to mice
In a recent study, our group has combined NBI endoscopy with CLE for the evaluation of mucosal inflammation and tumor development in a mouse model of colitis-associated cancer in vivo 17 . Generally, NBI endoscopy can be used as a 'red-flag' technology with any mouse model that leads to colonic diseases such as inflammation (e.g., chemical-induced models of colitis, such as dextran sulfate sodium (DSS)-induced or 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced colitis) or tumor development (e.g., azoxymethane (AOM) + DSS colitis, APC min mice). In our study, NBI endoscopy was especially helpful for the detection of small dysplastic lesions that might have been missed by conventional endoscopy, as NBI endoscopy improves the detection of aberrant vessel formations (Fig. 1a) 17,18 . After NBI endoscopy, 19, 20 CLE was used for the specific analysis of the microvascular architecture following the administration of a plasma marker in order to evaluate successful antiangiogenic therapy. CLE is a groundbreaking tool for the more detailed in vivo characterization of various aspects of intestinal pathophysiology, as it can be used with a large range of available fluorescent dyes, genetically engineered mice expressing a fluorophore and fluorescence-labeled antibodies ( Table 2 describes frequently used fluorescent dyes).
CLE can be used to analyze subcellular or even molecular changes in the intestine, as recently shown for the expression of epidermal growth factor receptor, vascular endothelial growth factor (VEGF) and CD44v6 in colorectal cancer [19] [20] [21] Once it is transferred to patients, molecular CLE could improve initial diagnosis of disease and predict or monitor therapeutic success in various clinical settings.
This manuscript provides a detailed protocol for performing NBI endoscopy and CLE in living mice on the basis of the methods used in our recent publication 17 .
Comparison with other endoscopic methods in mice
Conventional endoscopy and chromoendoscopy in mice were introduced by Becker et al. 4, 5 for the analysis of colitis and colonic tumor development. Similarly to NBI endoscopy, these methods allow the evaluation of the same animal at repeated time points, provide a good diagnostic accuracy and are increasingly being used. In contrast to NBI endoscopy, the detection of small dysplastic lesions requires the administration of a dye (e.g., methylene blue) for chromoendoscopy.
CLE has been previously used for the study of intestinal pathology in mice. However, the large diameter (>5 mm) of the confocal laser probes required laparotomy and thus gut surgery 19 . Laparotomy with subsequent incision of the mouse colon for insertion of the laser probe, however, may affect the results obtained by CLE, as this surgical procedure may alter tissue perfusion and cell survival. Kim et al. 22 presented the first study to address these problems through the use of a rotational side-view CLE device that allowed endoscopic imaging of the mouse intestine at repeated time points. However, the described device was too big to be used in combination with conventional or virtual chromoendoscopy during ongoing endoscopy in mice.
In addition to CLE, images of various tissues, including the intestine, of mice have been acquired using fluorescence-based intravital microscopy [23] [24] [25] . However, these devices, similar to those for autofluorescence endoscopy and endocytoscopy, are too large (>5 mm) for use in mice without laparotomy and gut surgery, and thus cannot be used for repeated analysis of the same animal at different time points.
Advantages of NBI and CLE
In comparison with the technique described by Kim and co-workers 22 , the present protocol on the combined use of NBI and CLE provides faster direct access to pathological in vivo histology of the mucosa, as it combines an endoscopic red-flag technique (NBI) with an approach for CLE. Moreover, this protocol can be repeated several times in the same animals during experimental protocols for chronic colitis or experimental colon cancer. This is an important advantage of the NBI-CLE protocol, as it permits long-term monitoring of mice (e.g., over a period of 80 d in the AOM-DSS model of colitis-associated colon cancer) and may reduce the number of mice required for experimental studies 17 .
Limitations of NBI and CLE
As the endoscope cannot be inserted into the esophagus, the presented method is restricted to analysis of diseases of the colon. Following the insufflation of air into the colon, approximately 3-4 cm of the distal colon can be investigated with the rigid endoscope. During NBI endoscopy, the white-light source is reduced by a filter system to two specific spectral bands that are preferably absorbed by hemoglobin. Therefore, images obtained from NBI endoscopy can be darker than images obtained from conventional endoscopy. However, both modes can be interchanged on the device instantly during the investigation.
CLE is limited by the availability of suitable fluorescent dyes for a certain task. In particular, when using fluorescent antibodies, the ability of an antibody to bind to its target in vivo might limit its overall usability in the absence of cell permeabilization (for instance, antibodies for intracellular targets).
Concerning the CLE device, images can be captured at a rate of 12 frames per second. This frame rate might be too low for certain tasks, such as monitoring cell-cell interactions in the vasculature and so on. However, a Hyperscan module with frequencies up to 200 Hz is available.
As the image quality of the CLE device is dependent on the probe, the properties of the acquired images can vary. As the probe used in this protocol has a fixed image plane depth of 50 ± 15 µm, only this plane of the mucosa can be analyzed. Another restriction of CLE is the increased heat production of the laser light, which can induce a phototoxic effect in the tissue and thus precludes continuous observations of the same area for longer periods of time (>15 s).
Experimental design
Animal models of intestinal disease. The current protocol describes a combination of NBI endoscopy with CLE of the large intestine of living mice. As mentioned above, the protocol can be used with any mouse model of colonic disease and with any anticipated mouse strain. Experimental animals should be at least 8 weeks of age and be matched for gender, age and weight (>20 g of body weight recommended). Various models of colitis or colonic tumor development that can be analyzed with the provided method have been described before and are not presented in this protocol [26] [27] [28] .
Endoscopic devices. Conventional endoscopy and dye-based chromoendoscopy in mice have been described before and can also be used in combination with CLE 4, 5 . Minimal requirements for the endoscope used include an outer diameter of <3.5 mm and a working channel with inner diameter >1 mm that allows the passage of the confocal probe. Virtual chromoendoscopy can be performed with any suitable device (i.e., NBI, i-SCAN and FICE) that can be equipped with a probe that is suitable for the investigation of mice. We used an optical probe (Karl Storz) that complies with the mentioned dimensions and could be combined with the endoscopic camera head from an NBI device. We used the NBI device because it was the first technique that was introduced for virtual chromoendoscopy and the other techniques were not available for mouse studies when initial experiments were conducted in our laboratory. However, the same principles for the investigation of mice presented in this manuscript should apply to the i-SCAN or FICE techniques, thereby suggesting that these techniques can also be adapted for mouse endoscopy.
With regard to CLE, the probe-based device from Mauna Kea Technologies used in this protocol is the only one that can be equipped with a confocal laser probe that is small enough to be fed through the working channel of the endoscope. Whereas other devices can be used for the analysis of the same purpose, their bigger size prevents the use in combination with conventional endoscopy or even requires laparotomy and gut surgery.
Choice of dye or antibody. The choice of the fluorescent dye or labeled antibody depends on the specific question of interest. Table 2 summarizes frequently used dyes and antibodies. In particular, fluorescein and acriflavine are used as markers for the analysis of tissue morphology during CLE in humans for the detection of dysplastic lesions 12 . SYTOX green is a fluorescent dye that penetrates defective plasma membranes of bacterial cells, yeast and eukaryotic cells and binds to nucleic acids. As it will not stain living cells, it can be used as a marker for cell death and turnover in various disease models 29 . Fluorescein isothiocyanate (FITC)-dextran, when applied intravenously (i.v.), will not pass the vessel wall when an appropriate size is chosen (i.e., 75 kDa dextran conjugate in our case), and it can be used as a plasma marker for the analysis of vessel morphology as it will stain the intravascular fluid. Therefore, FITCdextran is an excellent tool for the analysis of angiogenesis in tumor models, as recently shown with CLE in a model of colitis-associated cancer by our group 17 . Green FAM Flivo is a fluorescently labeled polycaspase inhibitor that enables the in vivo detection of apoptosis 30 . Rhodamine 6G is a fluorescent dye that binds to intracellular 31 . In addition to these untargeted fluorescent dyes, in principle, almost any antibody can be labeled with a fluorescent dye and used for CLE. However, accessibility of the molecular target on the cell surface restricts the use of several antibodies in vivo. The choice of the molecular target should be adapted to the route of administration. For instance, markers expressed by vascular endothelial cells are usually given by i.v. administration. For instance, E-selectin is upregulated on endothelial cells during acute inflammation and E-selectin-specific antibodies have been used for in vivo imaging of inflammation 32 . Furthermore, angiogenesis-specific endothelial markers are frequently used for the analysis of tumor development or therapeutic monitoring of antiangiogenic therapy. These include fluorescent antibodies specific to VEGF or VEGF receptor-2, which is regarded to be responsible for most VEGF-mediated effects, and fluorescent RGD peptides, which bind to integrin receptors that are upregulated during angiogenesis 19, 33, 34 .
Evaluation of new fluorescent dyes and controls. For every new fluorescent dye used during CLE, various concentrations should be used in a preliminary series of experiments. The final concentration used should provide a strong signal without overexposure in order to avoid loss of details. Results obtained for every fluorescent dye should be compared with results obtained using appropriate controls. For nonspecific fluorescent dyes (Table 2) , the vehicle solution can be used to control for autofluorescence. If fluorescence-labeled antibodies are used for molecular imaging, an isotype-matched control antibody (e.g., against an intracellular target or an epitope not expressed on the target cells) should be fluorescence labeled using the same protocol used to label the specific antibody. Comparison of images obtained with each antibody should allow nonspecific binding to be detected. When antibodies are used for molecular imaging, time-course experiments should be performed in order to evaluate the ideal time point for CLE after administration of the antibody. The duration of ideal antibody binding in comparison with unbound background staining can vary depending on the molecular target and the route of administration. On the basis of our experience, time-course experiments should cover a range from 0 min to 24 h after antibody administration. Furthermore, antibody specificity should be tested by ex vivo binding assays (e.g., immunoprecipitation) and confocal immunohistochemistry on tissue sections (these methods are discussed in detail in other publications 19, 35 ).
Endoscopy. During endoscopy, mice have to be anesthetized with i.v. or inhalative narcotics. Whereas conventional or NBI endoscopy can be performed by one investigator alone, for CLE a second investigator should be available to help guide the laser probe through the accessory channel of the endoscope and to take control of the various settings of the CLE device.
Off-line image analysis. Further analysis of images obtained by CLE can be accomplished with available imaging software (e.g., ImageJ). As an example, we provide the analysis of the fractal dimension of mucosal vessels with ImageJ software in this protocol. The fractal dimension represents the complexity of a given structure and has been proposed as a parameter that can be used for the analysis of the therapeutic effect of an antiangiogenic therapy. Whereas normal vessels have a highly ordered architecture, vessel morphology in tumors has a chaotic structure. Therefore, the fractal dimension of normal vessels and tumor vessels differs and can be used for the analysis of tumor development and morphological changes during antiangiogenic therapy. The method proposed in this protocol is based on the calculation of the fractal box count, which has been described in detail before 36, 37 . In short, the software calculates the number of boxes with a given side length needed to cover a structure. When the number of boxes for a given side length is plotted against the side length on a bilogarithmic scale, the slope of the resulting curve is proportional to the fractal dimension. This calculation can be automatically done by using image analysis software such as ImageJ. However, the exact method of analysis used depends on the specific question of interest. REAGENT SETUP Animal handling and housing Prior to endoscopy, mice must be treated according to governmental and institutional animal care regulations; they should have free access to tap water and pellet food and should be kept on a natural day/night cycle. After endoscopy, mice should be observed until they recover from anesthesia, and they need to be protected from heat loss with a heating light. Ketamine/xylazine solution Add 0.6 ml of ketamine and 0.4 ml of xylazine to 4 ml of sterile isotonic saline.  crItIcal The ketamine/xylazine solution should be prepared and used on the same day. We recommend using control antibodies against intracellular proteins or epitopes not expressed on the target cells studied.
MaterIals

REAGENTS
Fluorescent dyes See
EQUIPMENT SETUP Endoscope setup
Connect the endoscope optics with the high-definition NBI endoscope. Connect the air pump to the endoscope optics. Guide the confocal laser probe through the accessory channel to ensure that the probe can pass the accessory channel without any resistance. Figure 1b shows a schematic drawing of the endoscope setup.
proceDure preparation • tIMInG ~15 min 1| Switch on the PC system, the endoscopic device including the light source and the CLE device. The laser probe of the CLE device needs to be calibrated at the beginning of the experiment according to the manufacturer's guidelines; this usually takes a few minutes. Ensure that the video images from the endoscopic device are detected by the PC system.
2|
Connect the air pump to the endoscope sheath and switch on the air pump.  crItIcal step Check the pressure produced by the air pump. It has to be high enough to expand the intestinal lumen. If the pressure is too high, the risk of an intestinal perforation increases.
3|
Anesthetize the mouse through an i.p. injection of the ketamine/xylazine solution (80 µl solution per 10 g body weight) and wait 2-3 min until the mouse is sufficiently anesthetized.  crItIcal step By pulling one leg or tweaking the tail, carefully check that the animal's anesthesia is sufficient before starting endoscopy.
4|
Add a small amount of eye salve to protect the mouse's cornea. Step 5B(v) two times in order to wash out all unbound fluorescent dye. nBI endoscopy • tIMInG 5-10 min 6| Lay the mouse on a clean paper in the prone position and carefully insert the endoscope (with NBI mode turned off and without the confocal probe) into the anus with one hand while holding the mouse with the other hand.
7|
Watch the monitor of the endoscope to ensure not to touch the intestinal wall with the endoscope and cause any mucosal damage while pushing the endoscope forward farther into the colon of the mouse.  crItIcal step Avoid touching the intestinal wall with the tip of the endoscope in order to prevent mucosal damage or perforation. The air pump should produce sufficient pressure to inflate the colon.
8|
Carefully push the endoscope forward until you reach a curve (after approximately 3-4 cm). Now turn on the NBI mode and inspect for any differences of the vessel architecture or the general structure of the mucosa while slowly retracting the endoscope (Fig. 2a-c) . The location of observed differences should be noted for subsequent CLE.  crItIcal step If the images obtained during retraction of the endoscope are of poor quality (Fig. 2d) , completely retract the endoscope, clean it with a new tissue and start the procedure from Step 6 again. If the images are still of poor quality, fit the 3.5 French catheter to a 1-ml syringe and fill it with 500 µl of drinking water, insert the catheter into the colon and inject the drinking water in order to clean the intestinal lumen as described in
Step 5B(iv-vi). ? trouBlesHootInG 9| If desired, start recording video images with the PC system while carefully analyzing the visible portion of the colon. During the retraction of the endoscope and the analysis of the whole colon, NBI should be turned on and off repeatedly to evaluate every part of the colon with both modes.
confocal laser endomicroscopy • tIMInG 15 min 10| Feed the confocal laser probe through the accessory channel of the endoscope until the tip of laser probe is seen coming out of the endoscope on the monitor (Fig. 3) . ! cautIon Avoid eye exposure to the laser, as the strong laser light can seriously damage the photoreceptors of the retina. In addition, handle the laser probe with care in order to prevent damage to its optical fiber.  crItIcal step If you experience resistance while pushing the laser probe forward, immediately retract the probe and check for any obstruction. Avoid pushing the laser probe with too much force in order to prevent damage to the optical fiber. 11| CLE should be performed by two investigators. Guide the tip of the laser probe with the endoscope to the designated area of the mucosa (investigator 1), while carefully pushing the laser probe forward until it touches the mucosa (investigator 2).  crItIcal step During this step, both investigators have to cooperate very closely. Usually, the investigator controlling the endoscope (investigator 1) provides instructions to investigator 2.
12 Turn on the laser power on the CLE device and adjust the image settings for optimal quality (investigator 2).  crItIcal step The obtained image should have enough signal strength to allow a clear discrimination of the intended structures without overexposure in order to prevent loss of details (Fig. 3) . ? trouBlesHootInG 13 If desired, start recording video images on the CLE device while directing the confocal probe with the endoscope along the designated area of the mucosa (Fig. 3) . ! cautIon Avoid keeping the confocal laser probe at one position for more than 15 s and always turn off the laser power when it is not in use to prevent phototoxic damage to the mucosa.
14| Repeat Steps 11-13 to analyze all intended regions with CLE.
15| When the examination is completed, carefully pull the confocal probe out of the accessory channel of the endoscope in order to prevent damage to the probe and then withdraw the endoscope from the intestine of the mouse.
16| Place mice back into the housing cages, observe them until they recover from anesthesia and protect them from reduced body temperature with a heating light. As soon as the mice are awake again, they can be housed as they were before endoscopy. 18| Delete any areas in the image that could lead to misinterpretation of the result (e.g., scale bars or legends).
19|
Convert the image to an RGB stack (Image → Type → RGB stack). For further processing, you can choose any channel, as the information in each channel should be identical because of the black-and-white image source.
20|
Open the threshold tool (Image → Adjust → Threshold…) and adjust the threshold to a value that shows only vessels in red. Click 'Apply' .  crItIcal step This step is important for comparability. When comparing various images, the threshold should be set to the same value. 21| If the borders of individual vessels are too irregular, choose Process → Noise → Remove outliners… to get more regular borders (the settings have to be adjusted according to the image data and should be the same for every processed image).
22|
Next, skeletonize the image with Process → Binary → Skeletonize. The skeletonized image can be used for various further calculations including the fractal dimension.
23|
To calculate the fractal dimension, choose Analyze → Tools → Fractal Box Count… Adjust the settings according to the image data; the size of the individual boxes should not exceed the image size and should not be smaller than 5% of the image size (Fig. 4 shows example images for calculating the fractal box count with ImageJ).
? trouBlesHootInG Troubleshooting advice can be found in table 3. • tIMInG The preparation of the ketamine/xylazine solution and the fluorescent dyes should not take longer than 1 h. The staining protocol for antibodies depends on the method used; in the case of the proposed Alexa Fluor conjugate it takes ~2 h. Steps 1 and 2, Starting the electronic devices and calibrating the laser probe of the CLE device: 5-10 min Steps 3-9, Anesthetizing and investigating one mouse with NBI endoscopy: 5-10 min Steps 10-16, Performing CLE in one mouse should not exceed an additional 5-10 min to avoid a phototoxic damage of the mucosa Steps 17-23, The duration of off-line analysis of obtained images depends on the software used and the purpose of analysis. With regard to the provided protocol for the analysis of the fractal dimension, the analysis takes ~5 min. However, the process can be accelerated through the use of the macro function in ImageJ Software.
antIcIpateD results
As NBI endoscopy mainly enhances the contrast of vessels through the use of a light spectrum that is more readily absorbed by hemoglobin, this technique is well suited for the analysis of tumor development in the colon of mice 18 . Figure 2 shows representative images of NBI endoscopy in comparison with conventional endoscopy. As images of the mucosa reveal, NBI endoscopy shows more details of the vessel architecture and thus makes detecting aberrant vessel morphology in developing tumors easier than conventional endoscopy (see small tumor in Fig. 2b ). This can also be applied to mucosal changes induced by intestinal inflammation, which become more pronounced with NBI endoscopy (Fig. 2c) . Thus, NBI endoscopy can serve as an important tool for basic research of tumor development and intestinal inflammation.
However, several factors can result in poor image quality of NBI endoscopy. These include dirt on the endoscopic probe, which can be easily removed with a clean tissue, and larger amounts of intraluminal hemorrhage, which can lead to dark images due to an increased amount of light absorbed by hemoglobin (Fig. 2d) and can be resolved through intestinal lavage.
A large range of different images is possible with CLE, depending on the fluorescent dye or even genetically engineered mice expressing the fluorophores used. table 2 lists some fluorescent dyes that are frequently used for in vivo imaging. Figure 3 shows examples for the use of acriflavine, SYTOX green, FITC-dextran and a mouse expressing GFP in intestinal epithelial cells under the Villin promoter together with some frequently occurring problems during CLE. In these images, acriflavine shows the crypt structure of the colonic mucosa.
Several factors can lead to poor image quality in CLE. For instance, incorrect concentrations of the fluorescent dye can result in loss of detail, as an excessive amount of dye will lead to overexposure and insufficient dye will lead to a diminished contrast in comparison with the surrounding tissue (Fig. 3) . Additional error sources are the wrong placement of the CLE probe or dirt on the tip of the probe.
After the acquisition of CLE images, various possibilities for off-line analysis of these images exist. For instance, the calculation of the fractal dimension of the vessel architecture can be used to evaluate a successful antiangiogenic treatment. The fractal dimension has been described as a tool for the evaluation of aberrant vessel morphology in tumors and for the evaluation of a normalization of the vessel structure during antiangiogenic therapy 36, 37 . By using CLE, differences in vessel morphology of tumors in comparison with mucosal vessels can be analyzed using the fractal dimension or various other parameters (Fig. 4) .
Furthermore, the use of labeled antibodies with CLE offers a wide range of applications. This has been shown in two recent studies, which used CLE for the detection of epidermal growth factor receptor and VEGF in a xenograft model of colorectal cancer 19, 20 . As these studies used another laser probe with a larger diameter, tumors had to be exposed surgically before CLE could be performed. However, the method proposed in this protocol could be used to obtain similar results. Published online at http://www.natureprotocols.com/. Reprints and permissions information is available online at http://www.nature. com/reprints/index.html.
